Purpose: Retroperitoneal neural tumor (RNT) is rarely excised laparoscopically, and the laparoscopic management of RNT remains controversial. We herein report 4 cases of laparoscopic excision of RNT that resulted in diverse clinical outcomes. Patients and Methods: Between August 2005 and January 2011, we performed laparoscopic excision of RNT in 4 patients. The mean tumor size was 4.5 cm. The mean operative time was 297 minutes and the mean amount of blood loss was 55 ml. The surgeries were uneventful, with no operative complications or evidence of intra-abdominal bleeding. However, 2 patients required reoperation for delayed hemorrhage and urinoma formation, respectively. Results: The postoperative pathological diagnoses were schwannoma in 3 patients and ganglioneuroblastoma in 1 patient. All patients were well with no signs of peripheral neuropathy or radiculopathy, and CT and/or 18 F-FDG PET/CT performed during follow-up indicated no evidence of disease. Conclusions: Obtaining extensive preoperative knowledge of the source neural and vascular anatomy of the tumor is important for the surgical planning of laparoscopic resection of RNT. When a great deal of care is taken to divide the tumor and the source nerves and vital vessels, safe execution of RNT can be achieved for minimal postoperative mortality and morbidity.
Introduction
Retroperitoneal neural tumor (RNT) usually becomes enlarged silently, until compression of the surrounding organs produces symptoms. RNTs have traditionally been excised using the standard open technique [1] . Due to their rarity, the use of the surgical modality of laparoscopic excision to treat RNTs is unusual; therefore, the significance of this operative strategy has not been completely evaluated. We herein report 4 cases of laparoscopic excision of RNT -3 schwannomas and 1 ganglioneuroblastoma -that resulted in diverse clinical outcomes.
Case Reports
Between August 2005 and January 2011, 4 patients with RNT underwent laparoscopic excision. The patients' characteristics, operative data and clinical outcomes are summarized in table 1. The mean tumor size was 4.5 cm. The mean operative time was 297 minutes and the mean amount of blood loss was 55 ml.
Case 1
A 42-year-old male was referred to our hospital for further evaluation of a right retroperitoneal tumor that had been discovered on abdominal computed tomography (CT) at the time of a routine health examination. The patient's medical history was unremarkable. Abdominal CT and magnetic resonance imaging (MRI) showed a 4.0 x 3.5 x×3.0 cm, solid, well-circumscribed mass located posterior to the inferior vena cava and right renal vein. The imaging findings were compatible with a diagnosis of RNT, leiomyoma, rhabdomyoma or paraganglioma. The laboratoCurr Urol 2013;7:40-44
Laparoscopic Resection of Retroperitoneal Neural Tumors 41 ry data and the levels of tumor markers were all within the normal limits, and a functional endocrine tumor test was negative. Operative excision was planned via laparoscopy, using an approach similar to that employed for right-sided adrenalectomy with the four-trocar technique. Adhesiolysis of the abdominal wall was performed, and the ascending colon was freed from the lateral gutter. After opening the Gerota's fascia, a soft elastic tumor was identified in the retroperitoneal space that appeared to be encapsulated and was easily dissected free from adjacent structures such as the inferior vena cava and right renal vein. We performed complete laparoscopic excision.
Case 2
A 36-year-old male presented to our hospital for further evaluation of a left retroperitoneal tumor that had been discovered on abdominal ultrasound at the time of a routine health examination. A physical examination was unremarkable. Abdominal enhanced CT and MRI revealed a 9.5 x 9.0 x 8.5 cm, well-circumscribed left retroperitoneal mass ( fig. 1 ). The laboratory data and the levels of tumor markers were all within the normal limits, and a functional endocrine tumor test was negative.
Laparoscopy was performed via an approach similar to that employed for left-sided adrenalectomy using the five-trocar tech- Nozaki/Kato/Morii/Fuse nique. Intraoperatively, a large elastic tumor was identified in the retroperitoneal space that was compressing the left adrenal gland medially. Although preoperative imaging findings did not indicate any evidence of local invasion, it was difficult to dissect the tissue between the tumor and the adjacent structures due to tight adhesion. The large RNT tumor and the left adrenal gland were completely removed en bloc using a harmonic scalpel. The operative time was 488 minutes and the estimated amount of blood loss was 50 ml. The surgery was uneventful with no operative complications or evidence of intra-abdominal bleeding. However, 5 hours after the operation, the patient developed hypotension and tachycardia, and laboratory tests showed a low hemoglobin level (6.9 g/dl) (preoperative 12.5 g/dl). Because no obvious causes were evident clinically, the patient underwent urgent abdominal CT. CT scan demonstrated intraperitoneal fluid collection, suggesting delayed hemorrhage around the tumor bed. The patient's hemodynamic condition worsened and emergency reoperation was performed. After the removal of the intraperitoneal hematoma, laparotomic exploration showed active bleeding from the RNT feeding artery induced by dissection with a harmonic scalpel, which did not clip the artery. Further exploration within the abdomen showed no renal or splenic parenchymal injury, and hemostasis was completely achieved (the amount of intra-abdominal bleeding was 3,825 ml). The patient's postoperative course after the reoperation was uneventful, and he was discharged without further complaints.
Case 3
A 59-year-old female with severe hypertension, hypokalemia (K+ 1.77 mmol/l) and the typical clinical features of primary aldosteronism was referred to our hospital. The plasma aldosterone concentration was elevated (280 ng/dl) and the plasma renin activity was suppressed (0.3 ng/ml/h). Abdominal CT demonstrated a low-density left adrenal mass measuring 3.2 cm in diameter, and 131 I-adrenal scintigraphy showed significant uptake by the left adrenal gland. In addition, a left retroperitoneal tumor measuring 3.0 cm in diameter located just caudal to the left renal hilum was incidentally discovered. Simultaneous operative excision of the left adrenal gland and left retroperitoneal tumor was planned via laparoscopy. After laparoscopic left adrenalectomy was performed using the four-trocar technique, we opened the Gerota's fascia and a soft elastic tumor was identified between the left gonadal vein and left renal vein. The retroperitoneal tumor appeared to be encapsulated and was easily dissected free from adjacent structures using laparoscopic coagulating shears. We performed complete laparoscopic excision.
Case 4
A 59-year-old male was referred to our hospital for further evaluation of a left retroperitoneal tumor that had been discovered on abdominal CT. Eleven years previously, the patient had suffered from moderate pain in the left lumbosacral area.
Abdominal CT revealed an 8.0 x 7.0 cm mass within the lower retroperitoneal pelvic space between the left external iliac artery and left internal iliac artery. The laboratory data and the levels of tumor markers were all within the normal limits, and a functional endocrine tumor test was negative. The retroperitoneal tumor was resected using conventional open surgery. The histopathological laboratory reported a completely resected ganglioneuroblastoma. After surgery, the patient underwent adjuvant irradiation (40 Gy) directed to the tumor bed. A follow-up abdominal CT scan performed after 11 years showed a 1.8 x×1.3 cm recurrent left retroperitoneal tumor adjacent to the aorta, psoas and spine ( fig. 2a) . It has been reported that despite surgery and radiation therapy or chemotherapy, the prognosis of adult onset ganglioneuroblastoma is not favorable. In order to avoid local recurrence and distant metastasis, we consider total resection with a wide surgical margin to be the best treatment for retroperitoneal recurrent ganglioneuroblastoma tumors. Preoperatively, we consulted the orthopedics department regarding possible postoperative neurological deficits following en bloc tumor resection with neural compromise. A preoperative evaluation including an MRI scan suggested that the tumor could be resected en bloc with neural compromise without after effects. After informing the patient, we planned laparoscopic resection of the retroperitoneal recurrent ganglioneuroblastoma tumor. An incision was made along the line of Told. The descending colon, kidney and spleen were extensively reflected medially, and the plane anterior to the psoas muscle was completely developed. A hard elastic tumor originating from the lower lumbar-sacral plexus was identified on the left para-aortic side between the lumbar vertebrae and left psoas muscle. The tumor appeared to be adhered to the left ureter. The tumor was carefully dissected from the left ureter using laparoscopic coagulating shears. For complete resection, performing slightly traumatic dissection was necessary due to the presence of dense adhesions around the tumor and the effects of prior laparotomy and radiation therapy. As a result of difficulty in mobilizing the mass from the nerve root, we decided to resect the tumor en bloc with the nerve root because the tumor pathology indicated malignancy ( fig. 2b ). After the tumor was isolated circumferentially from the surrounding tissue, hemostasis was achieved with bipolar electrocautery. The excised specimen was placed into an endobag and removed. The patient has been making satisfactory progress since the operation, exhibiting full mobility. However, he developed left lumbosacral pain 5 days after undergoing surgery. An abdominal CT scan indicated the presence of a retroperitoneal urinoma. A percutaneous drain was placed, and a left nephrectomy procedure was required 12 days after the laparoscopic surgery to control an infection caused by the urinoma. The patient's condition gradually improved postoperatively. The final histopathological report indicated a ganglioneuroblastoma with a malignant component. The patient remained well with no signs of peripheral neuropathy or radiculopathy and was discharged from the hospital 20 days later without receiving adjuvant chemotherapy or irradiation. Follow-up abdominopelvic CT and 18 F-FDG PET/CT performed at the 12-month postoperative visit indicated no evidence of disease.
Discussion
Schwannomas are neurogenic tumors that arise from Schwann cells in peripheral nerves. Das Gupta et al. [2] reported that schwannomas primarily occur in the cephalocervical region (44.8%), limbs (32.6%) and occasionally the retroperitoneal space (0.7%). In cases of retroperitoneal schwannomas, since the patients are often asymptomatic or have only vague abdominal pain, the schwannomas may be identified incidentally when other complaints are investigated or may grow very large before causing overt symptoms. Establishing a preoperative diagnosis is not easy, although conducting radiographic imaging is helpful for therapeutic planning, as it provides information about tumor size, tumor location and possible invasion of other structures. The first-line treatment for schwannomas is surgical resection, and the principal procedure is total resection, including removal of the capsule. Incomplete excision may lead to local recurrence (in approximately 10-20% of cases) [3, 4] . Laparoscopic surgery, which enables the surgeon to obtain detailed observations with minimal invasiveness and magnified vision, has become a viable option for this procedure. Recently, many researchers have reported that it is feasible to treat smaller schwannomas under a laparoscopic approach [5] [6] [7] [8] [9] [10] . However, the management of larger schwannomas (> 5 cm) remains controversial. It has been reported that larger schwannomas tend to prolong the length of hospital stay (3-18 postoperative days) after laparoscopic resection, while shorter hospital stays (approximately 5 postoperative days) were noted in a recent report of larger retroperitoneal schwannomas treated with the open approach [11] . Moreover, if the mass is strongly connected to essential organs, iatrogenic complications (neural deficits, vascular lesions) may occur in 10% of cases. Bleeding may be also anticipated when the tumor capsule is adherent to the venous plexus and a high volume of blood loss might be encountered [11, 13] . Surgeons should bear this in mind, because as schwannomas grow larger, performing surgery becomes more difficult since the source nerve is surrounded by the mass, which also adheres in tight connection to adjacent vessels. Therefore, a great deal of care must be taken to divide the tumor and the source nerves and vital vessels. If complete resection cannot be performed safely, the operation should not be continued laparoscopically. In patients with local invasion, conversion to an open procedure should be an early decision, made prior to tumor morcellation or fracture of the tumor capsule.
Ganglioneuroblastoma is uncommon malignant tumor that develops in the sympathetic nervous system and adrenal glands. This neoplasm usually occurs in children and is extremely rare in adults. To our knowledge, only 48 cases of adult onset ganglioneuroblastoma have been reported in the literature [14] [15] [16] [17] [18] [19] [20] . Among these cases, 12 involved the adrenal glands (25.0%), which are the most frequent site. The second most frequent site of occurrence is the mediastinal space (8 cases, 16.7%), followed by the retroperitoneal space (6 cases, 12.5%). Other sites include the neck, brain, nasal fossa and ganglion, reflecting that these tumors may arise in any location along the sympathetic nervous system [20] . On diagnosis, most cases of adult onset ganglioneuroblastoma are at an advanced stage. Therefore, only a few patients may be good candidates for a curative surgical approach. Among cases of adult ganglioneuroblastoma with distant metastasis, the patients died within a mean period of 10.7 months (range from 2 weeks to 3 years).
All patients treated curatively have exhibited favorable prognoses, and none have died of recurrence (mean follow-up period 18.8 months) [20] . In our case, because the prognosis was not favorable despite the administration of radiation therapy and chemotherapy, we considered total resection with a wide surgical margin to be the best treatment for recurrent retroperitoneal ganglioneuroblastoma tumors. The present case was unique in that the tumor was removed laparoscopically. There has been only one report regarding the laparoscopic removal of a ganglioneuroblastoma tumor in an adult. Koike et al. [14] reported their experience with laparoscopic resection of an adrenal ganglioneuroblastoma. They concluded that the precise indications for laparoscopic resection of an abdominal ganglioneuroblastoma provide a better prognosis and a good postoperative quality of life for the patient. In our case, although complete removal of the tumor was accomplished, a retroperitoneal urinoma developed due to the relatively traumatic dissection performed during ureterolysis. Although preoperative imaging did not show any evidence of local invasion, the presence of dense adhesions around the tumor was indicated.
On reflection, proximity of the lesion to the ureter may require preoperative ureteral catheterization. Moreover, the source nerve was surrounded by the mass, and we decided to resect the tumor en bloc with the source nerve root because the tumor pathology indicated malignancy and complete resection constitutes the only possibility of a cure. Fortunately, the patient has remained well with no signs of peripheral neuropathy or radiculopathy, and no recurrence has been noted for 1 year to date, although further careful follow-up is warranted.
In conclusion, obtaining extensive preoperative knowledge of the source neural anatomy and vascular anatomy of the tumor is important for the surgical planning of laparoscopic resection of RNT, which differs in each individual situation. Very close communication between the surgical and orthopedics teams is essential. Such teamwork and preoperative planning should have the goal of achieving safe execution of RNT for minimal postoperative mortality and morbidity. When accurate and appropriate preoperative plans are made, the use of laparoscopic surgical techniques to treat retroperitoneal RNT is safe and encouraged.
